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BY LEE GIBSON * After nearly three hundred years of emlpirical development, the determini~g factors of the clari)let's acoustical plerformanice remiaill imperfectly articulated and preserved as the secrets of instrument manufacturers. HIow badly the clarinet has needed its own Theobald Boehm, and how needlessly the clarinetist has tolerated malformations of this most exacting of all wind instruments! Apparently, the law is that nothing regarding these principles can ever be committed to print, lest it fall into the hands of a competitor. This vievw is myopic and benefits no one. ( 
REVERSED CONICAL ENLARGEMENT OF LEFT-HAND JOINT AND BARREL
Within the limits imposed by the basic size of the cylinder, the chief means of adjustment of pitch relationships between registers lies in subtle control of enlargements of this cylinder in the left-hand joint and barrel. In the first of the aforementioned of Benade's studies, he states:
.. a tube whose cross section decreases away from the closed end has a lower fundamental frequency than a uniform pipe, and its normal mode frequencies are spaced more widely than the 1, 3, 5 . . .sequence of a uniform pipe. The reverse is true for a pipe which increases in cross section away from the closed end.
Actually, as Benade and others have noted, the constantly enlarging tone holes of the clarinet make an effective conical enlargement of the bore that normally should be counterbalanced by a reversed cone. In practice, the smaller the bore for a clarinet in a given pitch, the more strictly cylindrical it may be; the larger the bore, the greater the need for the enlargement of the reversed cone. Thus, in the A clarinet with the same cylinder as the B-flat, one normally encounters slightly less enlargement of the reversed cone, with considerably smaller tone holes helping to maintain pitch relationships similar to those of the B-flat. The E-flat clarinet, having an oversized bore to minimize stridency of tone, needs a very considerable enlargement of its reversed cone.
By 1810 ment of small bore, this parabola needs to be slightly longer in order to reduce properly the size of the three lowest twelfths; for a larger bore these will be correctly sized with a shorter parabola. If the clarinet has fraised tone holes it will need fraising for the bell tones, this normally being accomplished by a slightly accelerated flare at the bottom of the lower joint and an offsetting diminution of the bore of the bell. A clarinet with more than minimal fraising will not favor a bell having a straight-walled cone, whereas something near to this will do best on the clarinet without fraising.
MOUTHPIECE CONE AND WINDWAY
The clarinet mouthpiece, being the nearest and dearest part of a player's equipment, has been more frequently and thoroughly studied by clarinetists than has the instrument as a whole.4 A generalization relevant to our subject is that the cross-sectional area enclosed within the mouthpiece as a whole determines (a) the overall sharpness or flatness of pitch, and (b) the final pitch relationships of the registers. As Benade's equations have corroborated," a mouthpiece having a larger and/or longer cone will not only produce a lower overall pitch, but will also markedly increase the spacing of the frequencies of the chalumeau and clarion registers. (This effect diminishes as more tubing is used for the lower tones.) Less obvious, but of real importance, will be the lowering of the tones near the bell in both registers. Conversely, a mouthpiece having a smaller and/or shorter cone will markedly decrease the spacing of the frequencies of the chalumeau and clarion registers and raise the pitch of the tones near the bell in both registers, in addition to producing a higher pitch overall.
PLACEMENT AND SIZING OF TONE HOLES
Early woodwind instruments, without mechanisms enabling acoustically proper positioning of holes and needing small holes easily covered by fingers, almost invariably had holes that were too small and too heavily fraised for the production of satisfactory intonation in all registers. The old clarinet was designed to be played in its clarion register, as anyone playing it soon discovers. In this register, it had a soft, mellow beauty unmatched by any instrument used in the twentieth century. But the chalumeau register was disastrous, a nightmare of uneven stuffiness and sharpness. (In all truth, the instrument played in symphony orchestras until only a few years ago was still a prime example of this noble tone wedded to an unfortunately confining intonation.) The requirements of mellow tone in the clarion register with good intonation in the chalumeau have always been and still are antithetical. The larger the tone hole, the greater the size of the twelfths and the more strident the tone. This truth applies most critically to the placement and sizing of the register vent but is relevant in every case. Fraising slows the passage of wind through the tube, making necessary a smaller bore than that for an unfraised tube, so that for a given bore only an appropriate amount of fraising-no more, no less-should be applied. Furthermore, since most tone holes are not ideally located and sized, and since venting below the open hole varies, the amount of fraising appropriate to each hole may vary. What should not be overlooked is that the fraised tone hole produces a smaller twelfth than does an unfraised opening of the same displacement. Only recently have makers recognized the need for such correlations, and these are as yet only imperfectly executed in some instances. Although fraising is done to (a) produce a darker or mellower tone and/or (b) achieve greater flexibility, it is now recognized that with the bores in common usage today, fraising should be minimal on the clarinet.
Adjustment of the opening of a pad produces effects that are, for the most part, well known to the clarinetist. The fact that these parallel but do not duplicate the phenomena of fraising should be noted. Such adjustments may be used in a limited correction of faults of pitch, resistance, wind noise, and brilliance or dullness, but should be considered as expedients, since correction of one fault may produce others. Again, the relationships between pitches emitted from one tone hole in various registers will be affected by changes in clearances of pads. 
